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LIMITS FOR THE GENERATION OF ULTRA-SHORT
UNDAMPED ELECTRICAL WAVES

W, DAllenbach

‘Hochfrequenztechnlk und Elektroakustik 62 (1943) 102-3
{From German)

The output characteristics of a generator for undamped electrical waves, may be
represented by the following equations-

G

V= F/'im.—gxﬁa veeens (1)
where N  1s the useful output
Z 1s the lnput d.c. voltage
7 1s the mean value of d.c. -lnput

Tg 18 the efficlency of electron—flow
~
U is the peak alternating voltage of the excltation circult

. G1 ..1s the loss factor {for a wavelength of A = 1 cm) for the oscillating system,
comprising the exclter-osclllator feed-back and control=—circultry,

For a glven wavelensth A, the useful output ¥ is thus dependent upon a uumber of
parameters, l.e. U, I and [, the physical dimensions of the construction, and upen constants
innerent 1n the materlals used, such-as the speciflic resistance of the H.F. conductors.
Fundamentally these parameters must be such that # can assume 1ts maximum pogsidle value N ..
for any given wavelength, It 1s important to know how J:me decreases with respect to the
wavelengths = Evidently there must be an ultra short wavelength, which 1t is Just possible to
produce for which N . would be exactly nil.

One ought not to expect to find a complete golution of this problem within the scope
of this paper; what I belleve I can furnish is a theoretical treatment of the subject, carried
through to the polnt of a numerical evaluatfon but this only on a very much simplified example.
1%, however, some factors should emerge which appear useful for the purpose of a systematic
advance Into the fleld of very short undemped waves, then this will have been made possible
because all the conslderatlons have been based on the mechanics of the electron and Maxwell's
theory, Thus calculation becomes possible and sufflclent expert opinion 1s avallable regarding
the significance of certain omissions, and the degree of approximation to real conditions.

Let us assume that the effect of space-charges can be neglected, and that there are
furthermore no other limitations to the 1ncrease of the mean dlrect current Z, then referring
to equation (1) and for any given wavelength A , any magiltude of useful output N will be
attalnable, this wlth da higher overall efficlency

S
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n = ﬁ = 7y il = , cesens (2)

if the efflclency of electron—floy 7y 1s Increased and the smaller the loss in the osclllatory
system (which 1s proportlonal to Uz) relative to the useful outpuc N, Having once arrived

(by virtue of sultably chosen parameters) at the most advantageous design for the generator

fram the efficlency point of view for a glven wavelength, then corresponding designs may similarly
be drawn up for any other wavelength, since In accordance with the laws of similarity of the
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mechanics of the electron in conjunction with Mazwell's theory, T end G1 remain invariable, when
all linear dlmensions are changed in proportion to the wavelenzth A and all voltages U, U, etc. are
kept constant. It statlc magnetic fields are involved in the transport 9r electrons, these

should be changed In the ratio of I/A, in any transformatlon process. '

In accordance with equation (2), tilerefore, 7 decreases with A» but the attainable useful
output ¥ nevertheless remalns unlimited, until the fleld strengths (increasing with 1/)\) at the
critical point of the conductor surfaces reach the value at which Interfering electronic self-
discharges occur. It is from this wavelength downwards that the generator will fail. If above
the 1imit set to this ultra short wavelength by electronic sel f~discharge, there #dre further
limitations to the attainment of any desired value of useful output ¥, such 1imitation must be
attributed to a factor so far dlsregarded namely the limits of i. ‘ Each of these limits which now
warrant further consideratlon permits the derivation of an equatlon for H which in conjunction
with equation (1) enables the maximum useful output Nmax for any glven wavelength A to be derived
theoretically and evaluated numerically.

Heat disslpatlon requires that

GA

. PXN -4 4R
P e — VA veren (3)

U(l—‘r)g)

where B 1s a constant, characteristic of the Intensity of cooling and numerically determined by
the dlmensions of the generator,

It for example the current density at the cathode surface cannot be Inecreased veyond a
certaln value, we have

t o= 1 A, vereas (4)

where ll 1s a constant, characteristlc of maximum current density.

If 1t 1s admitted that space~charges do in fact exert a certain lntluence._ it follows
from the fleld laws of electrostatics that this influence would be unaffected by the above—
mentioned transformation of the generator construction, 1f the total current strength

7 = i() vepbes (5)

remalns constant.
= =
In order to be able to substitute deflnite values for B, ti and L, respectively, which
depend upon the parameters of the generator construction, and so to arrive at numerical results,
the following simple assumptions are mades=

(1) e excitation electron flow from cathode to anode 1s In the form of a parallel
beam of circular cross section q.

(2) The control 1s in the lmmediate vicinity of the cathode and 1s wattless.

(3) The controlled excltatlion electron flow consists of ele¢tron bunches or pulses
Of very short duration which succeed each other at time intervals of one h, f.
cycle; these pulses have a mean dv¢. value 0f 2 and uniform velocity D.

(4) A steady tleld doss not exist over the excltation path d.

(8) Tue excltatlon resonator 1s a cylindrical, concentric cavity-resonator, namely
a compromise (having the lowest possible losses) between the ™arrow tubs" and
fflat box" types as shown in Flgure 2b of reference [1]*.

*® For references see end.
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where Q

(a}

(v)

(c)

(q)

(o)

The concentrated capacitor incorporated in the inner conductor has the capacitance:
AN?
d/n

1s the cross sectlon of the parallel electron beam and d {s the excitation pati.

. . ' XYY} (6)

The generator calculation proceeds as follows:

A sultable value is chogen for {n = 27 Iy/A tee. {g = 1.6.  Tne report referred to
above [1] provides both for the ™farrow tube® and "flat box" respectively and for

a sultably chosen series of values of thHe paramster € a Ci. value for which the
relationship G = Gill/x W1ill be a minimum.  Because of the requirement for resonance,
each éi value possesses a corresponding o value, It the minimum G, in and the
related values of gimm and “min are plotted against the parameter 8, 1t 1s found

in the case of both the ™arrow tube” and tha "flat box” that as the cspacitance 2
inecreases, tie loss factor Gimin and the reduced inner radlus Cimm both increase
monotonically, whereas the reduced exlal length "‘mm decreases monotonically,

The same applies to the above-mentioned "intermediate form# which 1s of interest

here  (see Figure 20 of nCavity report® [1]) and for the former and the assumed value
for {n Gimin' Cimin and 0, should be equal to the arlthmetic mean of the corresponding
values of ™arrow tube® and ?flat box® respectlvely.’ The terms Glmm' gzmm and &,
for the assumed value of Z,a which depend only on & may be represented In terms of a
finite powers serles in & and can be interpolated.

Taking the surface area of the exclter resonator as cooling surface we have from (a)
for equation {3)

1
k = 57—7§ﬂ (ga + O(mm)(ﬁw—ﬁf) u: (XX YY) (7)

where (9“) ~ 8¢ 13 the permissible temperature difference between the wall and the
cooling medlum and ¥ is the known heat-transfer coefficlent in watts per an® per degree.

1t J 1s maximum bermlssible current density in the process of emission from the
cathode then for equatlon (4) we heve:

i, = Jan2, ren (8)

The ltmit 1, for 1 in equation (5) Imposed by the effect of space charges 1a

= 3 2
1. ey, b2 oA

= ——

0 ﬂcz n . 3 (D/MZ sssnse (9)

where /. and € are the mass and charge of the electron respectively, D 1s the transit
path of the electron bunches between the polnt of origin and the centre of the
excitation path, A S/S 1s the Increase In relative "bunch length® in the direction
of transit, due to the repulsion of the space=charge. In order to obtain the
highest possible value for tO' D/X must be made as small as possible compatible
with design requirements. A value for A S/S must be assumed. Excessive values
mean Indistinet pulses which affect the elficlency Mg

N =
If the ratic U/[/ 1s sultably chosen, the electron~bunches will arrive at the anode
wlth gzero veloclty and the efficlency of electron-flow, becomes g = 1. According
to unpublished calculations by Kleinsteuber the ratio U/p which would satisfy this
condition 1s the function of a single variable namely that of the paramster

canes (10}

s - n (2770)?{(2}2

el A

"~ =
This dependency on /3 1s used In order to express I/ in terms ot I in equation (1).
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If In equation (1) we now substitute consecutively I from equations (3); (4) and (5),
taking Into account equatlons (7}, (8) and {0), and that in accordance with (a) Cr‘1 is
determined by parameter ¢ (equation (8)), we obtain one equation corresponding to
equation (1) for each of the following effects: heat dissipation, current density,
and space charge, 1n wialch the only remaining important parameters to be determined are
U, g/\2 ana df\.  The dlscusslon of these three equations will suply Rumerically the
fundamentals for the best cholce of the remaining parameters and thus one function Nma.x
of A in each C8,5€. For the wavelength concerned the smallest of the three Nmax values
ls decisive, only as long as the #avelength remains above the limiting value below which
electronic self discharges occur. ‘

Similar considerations, as shown in the above-mentioned simple example may be applled to

other types of excltation systems and resonators.

[1]
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REFERENCES

Wa DA'LLENBACH. fCondltions for resonénce oaclllating fleld energy, power-loss,
damping-coefficlent and frequency variation of clireular cylindrical-
concentric cavity resonators?. Hochfrequenztecinik u. Elektroskustik
81 (1943) 129-140. :

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030006-0



